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0~70atomic 0 > «f * L < ti 2 5 - 6 5 a t o m i c %, £ <b K 

SfiL<l±30-60atomi c%TNfe*o *> V 3>^;liy>7-^Al^ 
£ $g H F*3"C* ttlf , y V n y '£ Ji ¥ - A Hitrt CTJ^^^AcOfi 

[0 0 7 0] 

^fl^H^v>T, 5 — A<7)*iJ|H££^i~ a t om i c%<!:(i, ®lxJi\ 
y U ^ViiTJK-^AJS: HTWlf^ OtOi^S:^ L, a t om%&& 

V^lia t%ttiaiR$*L, 0flx.(fif#^M-7°yX-7|§^*ffe-eT^^-^A 

o 

[0 0 7 1 ] 

±SB«|^tci5V>T»±, a t omi c%*#fiHtfflv»tv>S* t , wt 
%^#-fi<h LTffiv* Willy'J rry^2 0 a t om i c%J^±7 0 a 

t omi c%ITOf^l±, 2 0. 6 5wt%fi±7 0. 8 4wt%WTt^^ 
(atomic %i)>hw t %^(7)M(i, A 1 OJ^T«* 2 6. 9 8 2 , S i O 
JET*?: 28. 0 8 6 £ LT A 1 <h S i ©liJt***, (MJfc) X ( a t o 
mi c %) <nm& <b w t % [Z^n-Th Z\ <h **-C # * o 
[0 0 7 2] 

» £ L < li 1 0 OVfrb 1 5 0°COfEB/W$ Lv^ 0 
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[0 0 7 3] 

^A^y'J 3>^:lit>-7^^/A7 h 'J >y * X "fl-iS: n m ^ Ifii^fc 

1-15 nm-CibO. MPH{i3 ~~ 1 5 nmt*^ 0 
[0 0 7 4] 

[0 0 7 5] 

[0 0 7 6] 

*ffiLfcfc£<&RJ£SS«rtOJE#ti, 0. 2~lPaS^i<, ^X^Srf 
j£1-*fci&a>titfjl±4 >f y^-t-Yv hOi^li 150^^100 OWgSW 

[0 0 7 7] 

n >X/^y * >; >7\ R FX/N° y * U E C RX/^ y ? 'J > ?\ DCX/^y 

? 'J ^^ffl^S^t^-CiSo 
[0 0 7 8] 
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[0 0 7 9] 
[0 0 8 0] 

t&*8 0 a t o m i c %J£Lt, *f i L < it 9 0 a t o m i c %JiLt£^d o 
[0 0 8 1] 

^-0^^tt^«iS^^H^^^H^^^^^^^ <7 )TIit3 4 

j£5M*j£JtK*3V>-C-> U ^ ><7)*!j^-^8 0 a t o m i c %£LL, gf £ L < 14 9 0 
a t o m i c %J£JLt£v*-? o 
(c) £?UFM 

[114 (c) H^-Ti^tc. ±fBO^y«jfi#*K^ib»— 
3 2 0*^tti:x7f>^:i»)ll*ta« ^-^^ £?L3 6 £3rr&t& 

[0 0 8 2] 

t &mifZf&i^U / ktf%lftiitfc&1ti- h 'J VAteZVTfrlJ 'J S:fflv^Cfc 
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22/ 



[0 0 8 3] 

>k^UWrtrZ> ( c * —l) (c' —2) ISli<MT1i^<, 
(c' -1) #rojs$^y»£#<aiMfc 

zG-tzi-y m&fc * t± 0 tftti £ fir v^s#t-v m * 

[0 0 8 4] 

in 4 (c' ) c^i"j:^c ioiiia vi&r.<nj8Lfr&l[MMz sti^ro 

[0 0 8 5] 

"Ctf>7C*K*frL-C8 0 a t om i c %J^±, «ft L<«8 5%JJH±-C*&o 
T*^-<7)^^T ;v 5 - >7 A <7>*§£\ T ;w 5 - -7 A <7)tti(iit * Bfe < "T^T 
07Cm^^tT, 0. 0 1 ~2 0 a t om i c%<D®.mx*$>t) , ft* L< t± 0 . 
1 - 1 0 a t om i c%OiEH-C**o v U =r >m\t^S± J WitMfrfcflUS 

(c' -2) £?U1<7>&7C 
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[0 0 8 6] 
[0 0 8 7] 

xi>x^o tfz, mMmcomm^h^^iimim<DT)Vij^'mm^ii^Ltzi> 

nty v iti^m^mfrtzwmwL* t\ bz^aAmt-i- v 'j^^^r^* »j 

mmmLx^&o ttz^iiimfc-x (#77^ k^s) 

at. met.. mm%t°te. ftSL-tz&fkojz&zKi&tx, m^w^-f^zt^ 

(d) *mi*T'U xn^mimfrftn 

z z xmift Kitm-r z> ^mfor^ 4 ^o^mfeUft 3 8 (m4 (<d -et±r 

■?2>i><D%bfiiXi>&^o Mx.(f, r ^ t - K^^W * - 7 b 7 > y ^ ^ ^fft 
[0 0 8 8] 

±iS^>fcyV^ #UPl7E$tL-f\ -IxWC p - fzl* p 

fi$l;U2\ if') 7Atf^TO (GaAs/GaAlAs, GaAs/InGa 
A 1 P) . if') -7 A tft'J y (G a A s P) , if') 7A'J > (G a P) , >f >v 

7A'j vm^ftWrv^ x*tfi-^»mi»3i^ia*r3H-oR'ffcs* 
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(S i C) , IiIfllOHt*"'J ^^mm (GaN/InGaAIN) , M 
WftM&lk (ZnSe/ZnSSe) ^iXUZtihll-Vimit^m^Wr^ 

[0 0 8 9] 

[0 0 9 0] 
[0 0 9 1 ] 

If! (c) T^«$^7t^L*^±fa#^f-VMx5:^1-^)X@(±, t/ 
[0 0 9 2] 

^tl x. fi\ ffc^StfHJSIl (CVD) &&<bl£\ T^n->, ^-b;>, ^'J7A, 

fi^tMt^ci^'e^o ^s^-r-vsM'T.o^iSEtcSDT, areata 
, ee*k &Amt>m<v&m±B&(v¥M>mm^MLxm±miR2tiz>o 

X&i,*) x>¥mft7sU -fe^S i n H2n+2 (n(i 

it&m*?y vitisyy, ^Wy^y> Bkitfrm. ^7>M^w j fflv^n 
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^-v: 25/ 



*>&v\, ztit><?>'*rx*m^2>®&w*. nft^citLt, o. oi-ioo 

[0 0 9 3] 

c vD&<ofrt>*) iz, mmi-yffi&fo^iimmzmtt*nmLztizftkm 

[0 0 9 4] 

^sfw^ izmlx m±m$i zft&o 
( e ) ±ajmffif^«i 

ft (a) fcR«-«aW«:^^J:^o 
[0 0 9 5] 

[0 0 9 6] 

Xfl (a) tlOTCfriit^f^Tra^Ml, IS (e) 

[0 0 9 7] 
[0 0 9 8] 

#^xVsvr7.^^^Htf||=^^^7t(i||~^^<7)m^llit3 7 
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urn (c' -2) <D^i*fattz>mzm^z>t><ntw\x:^&z>o 

#> & #2g# tu^ trms znLx, ^<Dmm<v * mm 

[0 0 9 9] 

[0 10 0] 
[*««] 

[0 10 1] 

(mmm i ) 

fcfc, EI 5 (a) (i7P^^«@> 1115 (b) (iT^^^^t/t^ 
[0 10 2] 

@5 (a) tC^i 9 -^ J 2cm|^n. lmmOEW^f 
7**^1 0 3±i:x^7 * 'J >^j£KJ: «9!gJ¥2 0 0 nm<?)i^IiLf;±t 
/^-->^=Htv\ ijy^^U^—MK^i^ 10 0 ^ m:*i:(: 10/i m1*o 
x 7 f>^*^U "Pi 9 0 ^ ra(7)ftO#tI 1 0 4 7&*^WRB"T?£.£ «fc n iz Lfz 0 

[0 10 3] 

2 0 0 nmW^T^^^^hy'J n 1 0 5 SrfMSLfco 
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Ei^4^fVf (10 1. 6mm) ORiOT^^^A^-y-y b 

R Flil^fflv^, A r : Mm :50sccm, feSEEytl 10. 7Pa, tAtt) 
: 3 0 OWt Lfz a ifz, mm&mZM : & (2 5t) Lfc„ 
[0 10 4] 

O»£7&*0j£$*UU:Jrj:v*o * -y h iir;v < - A * -y -y h _LK v 

i; a > J- y7ZW^?zi><D izmfc-fZ i><vx~te% < , v'J n>*-yy h±KT 

[0 10 51 

as, fe-sem (m^m^Mm^iiMi) t^k-^v^ 

iv^-^A tttt#3t#**z:^:7c W t~ K?U L r v » ft 0 £ , r ;v < - * a &#tflfc£ 

Wgli6nmt*l), -eo^^'C-IWWPBtiS nm-e*ofw 0 tfz, 

2 0 0 nm"CablK ftl?ti(7)T^ 3 - V M^M^U^t v 'J 3 ^J*K «£ 

[0 10 6] 

tfz, %m^m.y°y^^±^m^ (i cps) ^mmmx^mL 
fzr^<~^^^')^>M^m^<D7tmm.m<D^m^n^fzo ^<o^-mm 
\zm^fz<r>\*ii-#y&fa±.\^u\^fzmx*hz>o -e^i^ -/^xdt^m 

i") A h y 'J n >0^ii:MtS*il± 3 7 a t om i c%t^hftfz 0 &_t 
Oi^:Lt, M^<D7JK--fA$r3 7 a t om i c %^tf T >V 5 - * 
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[0 10 7] 

:wJ:^j;y , j3>^TJ^- l )Aty | J nvoti^Lt 3 7 a t o m i 

fltZo 

[0 10 8] 

FE-SEMCt, V vm^^-^LfcifB^LKv 1 ; n >»H*r« 

l±^8nmt^of: 0 tfc, BfM* F E- S EMKTfiS!Lrt:j?N ilb£fi2 0 0 
nmt?*!), -ea?ti<^^Wl±->'i ay^HLKX *) Mfz ft-Xis <9 5LW;$uZ 

[0 10 9] 

0 s c cmitL^75 ? ^> 8 0 0 ICC 2 R$IQim& t fc„ 

«^»it«?«f (EELS) K <£ «9 ffcS $ o 
[0 110] 

nm-C*«9, W^FIi(i^8nmt^of: 0 »f®£ F E - S E MCT 

itm: ^) mtztix is n ^^AiLx^tzo 

[0 111] 
[0 112] 

^TOl^lC^ltl^ 0 a t om i c % tlfclt) bftfz 0 
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[0 113] 

mn.%*v*fo. iSn D p=?- KK-2 4 E) fcfflu, 4 0 1C£«*£ LtzWMm (p 
H= 4 . 5) pH^v^T, 0. 5A/cm 2 0tIt'StlTo/c 0 
[0 114] 

^:iO#?LRy'J 3>»K*:E£tf<&*KlS:«LStffi«: 1 3 P a&TKLfc 
7;V3'>*^MLW4 4 0°Ci:»L/;o ^l^BISfW^ 
#'.X tCIO %0#J^-Cfl^ L v 9 > 1?7s £ 5 0 s c c mOSt-C 6 0 WH£ 
IS L fco - C0B#> £6*^ 3 0 ®m± > ^ > K K- /N ° > HJ£ £ Lty*7 > & 
^iPLvU 3>OT»*pSl (10 1a), l£#<7>3 0Wi*^7^M 
Ly'J3>(0±^^nI (10 1c) CU ^LW^WtLtp- 
ng£-i o 1 b^lotn»y'J3>ML^o doiS-CORtPflli* 

3 s £ Ft* L fc&fc F E - S E M"C«13§I Srfr o £ % , £?L<0 4 1 U v «; n > « 

ft/to 

[0 115] 

fMafcRO-taSK*'*? * V 2 0 0 nmOMIIU ^<^># 

SgtiS^|p]i:^^J: n K*B9 0 ^ mO^O±f|5#«^ 1 0 5 > 

[0 116] 

do— ilOfEHK «t «9 , — 3 9 0 ^ m<Dffit&ft\,Z$)Z>m 1 . 3X10&|@ (1 
. 1 X 1 0 4 X 1. 1 X 1 04) <DV4 K/6 ? — t&<D?4 *- Ft LXffl CIS 
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[0 117] 

0 3±<7)T^1I1 0 4 t^LKy'J = >BKb*&»SI-teP<*>-tSB*g 1 05^f 

ti-rn i o-^oa^-eprggmiEfcjMt, ostomy £PJ5£ l*z 0 ^ < o^^i 

[0 1181 
[0 119] 

#'9*«_t<0T^m« 1 0 4 t&UKi") x>Mtvmm±u<o±BW&i 
0 5 iZti-Fti 1 oo'o)|f^;I^•e 1 0 h <7)&mJE£7Wt> -££>H# 

[0 12 0] 

[0121] 

(H «!) 2 ) 

mmz&'^g'iiMi'V^ymmzitmLtzo 

[0 12 2] 
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znm&fcZ 2 5°CU^o^7]c@Mki- h U 1 mo 1/L«fi:30» 
[0 12 3] 

[0 12 4] 

ftSMRfc^RU £?LrtK->'J 3^4*- K*ffct*Lfco 
[0 12 5] 

*8fc7&*»£*U 4 VomEE-CHJfeM 1 J: 0 jfe 5 0 /i Alli^v^^ K^«b 
[0 12 6] 

zm-kzit&zttf'c&tzo 

[0 12 7] 

(MMM 3 ) 

[0 12 8] 
[0 12 9] 

mfflW 2003-3108762 
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n*m^^tz\^m i g*x~m&Ltz'ik, ummz^tzo ^titt fe-sem 

[0 13 0] 
[0 13 1] 

[0 13 2] 
[0 13 3] 

mmm 4 ) 

[0 13 4] 

x tl 5 l*Z7jkLtzm£:m<D£ n jfcvV 3 t-K7V^f SrflUKLfco 
[0 13 5] 

|f\ H5 (a) — 2 c ml? $ 1 . lmmOEM^^ 

y^m^il 0 3±K*r?y * V ^lia «I?2 0 0 nm^^IfL/;K* 

x-yf>nu ffi 9 0 fi m^W^ii 1 0 4 3&^WHB"Cife^ <fc 3 K Lfz 0 
[0 13 6] 
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, it@^ ? 4 4 y^- (10 1. 6 mm) OHiOT^^-^A^-y-y Y ±.K 1 5 
*«*fflv»T, A r It : 5 0 s c c nu WiW±+) \ 0 . 7 P a . IxAl^I : 3 

oowttTto i/c, m®M.mzm& (2 5°o ^l^ 0 

[0 13 7] 

i><D-c-iz% < , 37 >; yy&mz «t oasftu i Mounts 

j£$ fitter ii>o Ki7iK--)A^-f Hi:^>v-^A 

[0 13 8] 

fcfc, FE-SEM (S#^m^MKT-MiiI) KT, T^-^A^t 

1 2 nm*C&*K ^O^^^^KPBti 1 5 nm-C&o^o 
ttz, 0 0 nm-e*^, ^*i -€**iO T * 5 ~ ^ AtejKftjgffcg&frli^V 

[0 13 9] 

ttz, mm^m-f^^^it^mm (icps) ^^»j-e^t 

A(D7^5 —7 A i:^r;w-7— ^7 AcO^rmt-^'f^^Mfi 3 7 a t o m i 
c o/oi^^fco J^±Oi d CLt, Wl^lt<7)7;K 3 7 a t o 

mi c %^XsT)V\ M&'kWktfMtiLZtitZo Z<Di&&Wk*XU 

mmw& hti, r )\/ \ - * (i*£ H B H i4-c& & - ^ a*^ £ ttfco 

[0 14 0] 
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t om i c %^£7;i^-*Ay;i/^-*A&£-llSS£'; >$?5 w t %4 I ^4B# 
[0 14 1] 

?Lrt J — •2ocMK8E? | J LTV^ & (D-e&otzo ^MWLSti 1 2 n rati 0 , -£ 
»WMl5nmt*o/: 0 Sfc, WrM* F E - S EM^Tll^ LfcBf, 
j^$(±2 0 0 nm-eabD. ^fr^i^ftttfrli**^-* J: 0 PRfcfi 

[0 14 2] 

(±, ^IMft5 0sccmILW, 8 0 0 tt?2 ISWSnafcLfco 

=£x. * frif-m&m&Wffi (EELS) £ X I) mZ2 tto 
[0 14 3] 

FE-sEMtcr, m^m<7)M^iimt7to mm%±.-fi$\frhfLtzm.m<nmK 

ti l 1 nmt^l), K H5 l±#J 1 5nm-e*o^o »r®£FE-S 

EMKX mm LtzWx, iS5£fi2 0 0 nm^t), Zti^tMD&fLMfrHW'-*- 

*j a bmm&^**k i *) m tz nx ts o s ^ j-aa: ltv^ 0 

[0 14 4] 
[0 14 5] 

^^(t^TWHT-^L-Cl^ Oatomic % fc^^tlfco 
[0 14 6] 
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(pH=4. 5) rplZ&^X, 0. 5 A/cm2comyrL^S^fo^ 0 
[0 14 7] 

^U^co^LK^'^^^^^lfM^^^^^^fxSL^ffi^ 1 3 P a^T^ 
L > t;v^>#x£«{lL&7^ 4 4 O'CtcJn^LTto #cK5£<ffi*3K, ^UtfA 
# * 1 0 %OfJ'S-C7l^ L/:v7> if**: 5 0 s c c mWlIf 6 0 S?Wtt 
i&Lfco -<7)B#> »3 0 Wli->7-/^i: K-/r/ Mi Uy^7>5: 
} 15nLy')3>(OT^pI (10 1a). ^3 0^li*^7r/» 
Lv'j3>0±|5^nl (10 1c) i:U ^LW^fiT^ttltLtp- 
ni^l 0 1 b£ loltili^y'J 3V^|Lf:, ^Olfl-eco^^* 

[0 14 8] 
[0 14 9] 

^^^^Ht; j; ^ -i29 0 ^m^irt(:2b^3. 6 x 1 0 7 1@ (6 

oxio3x6. ox i o3) <Dy4*-Ytf-&<ny4*-Yt LTIWIDm^ 

[0 15 0] 
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mm^Mti, 4 v (Dm&r-miMM i £ n m 4 o ^ Atsi#v> ^-r * - h 
kz>v4 *-ytv4 tmm zntzzt tmw? & tz Q 

[0151] 

(^WJ 5 ) 

[0 15 2] 

T^m^£^?-~>^T*«<£M^§IJ?2 0 0 nm<D&*BMLfzm-®LZ 

m^tzmm. mmmi t^\m^^i^Lfz^in^ ') ^ywummmtm 

[0 15 3] 

->ij 3>^1H£. ^^^CftNd-YAGV-f- ($c;ftl 0 6 4 niru TO 2 
. 5 w) U^^T^f >y^A'J>9 9 1 %W^-^7 h L 

f-^t^ffKfSttU 1. 3X104Pai:U 7^^^*100scc 
mti^L^^f>8 0 Ot^MtU u-f-t^-r«; He 1 0m?MLfz o - 

ltfi?.^Lf:o H^-<£>^ W A V > 9 9 %-rJWH %<Di><D £3£%kL, 

ffffiMt^-f-^ 1 0#B?JtL7^o ^<7)XSt?OV--if-<7)HB|^p^(i^ ) 

£ W > A 'j K-/-?> Y t Ltz nSK >y") A'J >«9HJl£*f 

iLf:p- i - n^^frfi^^M > v^A >; :^lFM£*t^ 0 #?L«->'J ^ 

FE-SEM-XrWtmZ'rtifztZ^, ^1(7)^^4 >v->A'J >^?fM$tLTv^ 
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[0 15 4] 

* tc, d «> i * K t Xim 3 *tfc >f > * * A > * ^?Lrt & *?LK v ^ 

»ffc!» (I TO) *&*U IIB^^IIt'So/Jo 
[0 15 5] 

~ ^ r ^ t _ K 7 ^ 4 (7) ±ymm k 2 * ;v h owimE * a* *t t - % v 

[0 15 6] 
[0 15 7] 
[0 15 8] 

^o p -n-p|->^>^'/y^^SLf:o pffl*J:tfii 

ft £ l^Bt^WW* <b *i* A L fc v 'J ^ > littattt?* * d fc $ 
[0 15 9] 

ft** HH^ ±* * >< * * 'J > K -t ^ »W 2 0 0 n m <D 4 > v f A 7 XBMfc* 



ffll 
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(i to) s«i^ifu mM<7)£mmtmw.iifaK%2> x ^ mpi9 o M m 

<7)m^O±^«SIl 0 5 ^ioTftlU, 
[0160] 

:^)- il^f^HlCi 0, — 19 0 ,um<7)^itrtK&&^3. 6X10 7 ! (6 
. 0X1 0^X6. 0 x 1 0 3) <7) *&<7) h7>y'X^ LTfflC 

[0161] 

wswf^ow* ^<7>7i&*Bs#tLT«»{L^?ij^L7t:o aB^Lfc-r^-ca^^-fr-c 

[0162] 

o 

[0 16 3] 
[»««»*] 

M&ztiz mm*&*m * ^&mmfr humztizmu cis^ k #### 
[mi] 

[12] 
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[[23] 

[124] 
[HI5] 
[H6] 
[07] 

1 -C^Si L £ * - KO, Mitt Z>~yt(DRMZ> cf <h SiiO £^"t"?* 
[08] 

Hifeflfl 6 "CftU Ltz7* h F7>yX^, mMir Z> %>Zt f«<OMi 
[09] 

I^otliifl] 

i a p 

lb p - n^£-M 

1 c nl^M* 

2 "7 h 'J *X«HIi£ 
3 

4 Tfpm^ 

5 ±MW& 

ii p - i - nmr^ ycD^mfo^fr 
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1 1 a piffW 

lib p - i ^ "kW 
11c 

lid i - n^-£-® 

1 1 e nM^*H«^ 

2 1 p - n - p m h 9 > V7. 9 (D^-mfotlft 
2 1 a pl^iW 

2 1b p - n^^® 

2 1 c nl^M^ 

2 1 d p - n^® 
21 e pl^iW 

3 o Tunm 

31 it 

3 2 ^-<7)j^^<7)^f»it^ 

3 3 ^-<7)^t^=:<7)^<7)m^M^ 

3 4 HZ!<7)J&^fIi$ 

3 5 f5-<7>J&5^<b&&#?L5?3l§l 

3 6 £?l 

3 7 ||-co^;5}-<7)mfbt7^^^^^LS^Bi 

3 8 *- V^foUft 

3 9 ±^«I 

10 1 ^>f KaMMBfl* 

10 1a pfy'Jn 

10 1b p - n^-^® 

10 1c nlv')3>^ 

1 0 2 *nfc55*OBHfc»«i* 

1 0 3 %M 

1 0 4 T3K«S 

1 0 5 JigBSfe 
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